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STUDENT HANDOUT

REPAI R PONER STEERI NG SYSTEM COMPONENTS

LEARNI NG OBJECTI VES:

1. Termnal Learning Objectives:

a. Gven a hydraulic power cylinder assenbly that is
featured in the MB39 Series vehicle steering system the
required tools, shop supplies, repair parts, and TM 9-2320-272-
34-2, per information contained in the reference, repair the
power cylinder. (5.2.1)

b. Gven a Mddel HFB-64 steering gear assenbly, the required
tools, shop supplies, repair parts, and TM 9-2320-272-34-2, per
i nformation contained in the reference, repair the steering gear
assembly. (5.2.2)

c. Gven a steering gear assenbly used in the MK48 steering
system the required tools, shop supplies, repair parts, and TM
9-2320-297-34, per information contained in the reference,
repair the steering gear. (5.2.3)

d. Gven a yaw control valve used in the MK48 steering
system the required tools, shop supplies, repair parts, and TM
9-2320-297-34, per information contained in the reference,
repair the yaw control valve. (5.2.4)

e. Gven a yaw cylinder used in the MKA8 steering system
the required tools, shop supplies, repair parts, and TM 9-2320-
297-34, per information contained in the reference, repair the
yaw cylinder. (5.2.5)

f. Gven a tandem hydraulic punp used in the MK48 steering
system the required tools, shop supplies, repair parts, and T™M

V-1



9-2320-297-34, per information contained in the reference,
repair the tandem hydraulic punmp. (5.2.6)

2. Enabling Learning Objectives:

a. Gven a hydraulic power cylinder assenbly that is
featured in the MI39 Series vehicle, the required tools, shop
supplies, repair parts, and TM 9-2320-272-34-2, per infornmation
contained in the reference:

(1) disassenble the power cylinder assenbly, (5.2.1a)

(2) inspect the disassenbled conponents for
serviceability, (5.2.1b)

(3) repair or replace the unserviceabl e conmponents,
(5.2.1c)

(4) assenble the power cylinder assenbly from
servi ceabl e conponents. (5.2.1d)

b. G ven a Mddel HFB-64 steering gear assenbly, the required
tools, shop supplies, repair parts, and TM 9-2320-272-34-2, per
i nformation contained in the reference:

(1) disassenble the steering gear assenbly, (5.2.2a)

(2) inspect the disassenbl ed conponents for
serviceability, and (5.2.2b)

(3) repair or replace the unserviceabl e conmponents, and
(5.2.2c)

(4) assenble the steering gear assenbly from serviceabl e
conponents. (5.2.2d)

c. Gven a steering gear assenbly used in the MK48 steering
system the required tools, shop supplies, repair parts, and TM
9-2320-297-34, per information contained in the reference:

(1) disassenble the steering gear assenbly, (5.2.3a)

(2) inspect the disassenbl ed conponents for
serviceability, (5.2.3b)
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(3) repair or replace the unserviceabl e conponents, and
(5.2.3c)

(4) assenble the steering gear assenbly from serviceable
conmponents. (5.2.3d)

d. Gven a yaw control valve used in the MK48 steering
system the required tools, shop supplies, repair parts, and TM
9-2320-297-34, per information contained in the reference:

(1) disassenble the yaw control valve, (5.2.4a)

(2) inspect the disassenbled conponents for
serviceability, (5.2.4b)

(3) repair or replace the unserviceabl e conponents, and
(5.2.4c)

(4) assenble the yaw control valve from serviceabl e
conponents. (5.2.4d)

e. Gven a yaw cylinder used in the MK48 steering system
the required tools, shop supplies, repair parts, and TM 9-2320-
297-34, per information contained in the reference:

(1) disassenble the yaw cylinder, (5.2.5a)

(2) inspect the disassenbl ed conponents for
serviceability, (5.2.5b)

(3) repair or replace the unserviceabl e conmponents, and
(5.2.5c¢)

(4) assenble the yaw cylinder from serviceabl e
conponents. (5.2.5d)

f. Gven a tandem hydraulic punp used in the MK48 steering
system the required tools, shop supplies, repair parts, and TM
9-2320-297-34, per information contained in the reference:

(1) disassenble the tandem hydraulic punp, (5.2.6a)

(2) inspect the disassenbl ed conponents for
serviceability, (5.2.6b)
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(3) repair or replace the unserviceabl e conponents, and
(5.2.6¢)
(4) assenble the tandem hydraulic punp from serviceable
conponents. (5.2.6d)

OUTLI NE

1. CONSTRUCTI ON, NOVENCLATURE AND PRI NCI PLES OF OPERATI ON OF
POVER STEERI NG SYSTEMS

a. Power Steering Punp. The chief function of the power
steering punp is to produce the hydraulic pressure needed to
provi de steering assistance to control the vehicle, regardl ess
of the size of the vehicle. Some punps al so provide pressure
for the power brake booster.

b. Steering Gear Function and Primary Assenblies. The chief
function of the steering gear is to enable the vehicle operator
to control the front wheels, using the hydraulic force devel oped
by the punp. This function is acconplished through the
operation of five assenblies: the pitman shaft or output shaft,
the rack piston, the worm shaft assenbly, the val ve assenbly and
t he housi ng.

(1) Valve assenbly conponents and functi ons.

(a) The valve spool and body control the flow of
fluid fromthe punp to the rack piston.

(b) The valve spool is connected to the stub shaft
or input shaft of the steering gear.

(c) The valve body (or sleeve) is pinned or keyed to
the worm shaft and rotates with the worm shaft.

(d) The worm shaft and stub or input shaft are
connected together by what is know as a torsion bar, which acts
as a centering device for the valve spool and body.

(e) The valve functions as the controlling device
for the fluid and sends the fluid to the proper location in the
steering system

(2) Worm shaft assenbly.
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(a) The worm shaft is threaded through the rack
pi ston and is attached to the control valve.

(b) Between the worm shaft and the piston, there is
usually a rolling thread. This nmeans that between the shaft and
pi ston there is a nunber of single roller bearings which reduce
the friction or resistance when the shaft is rotated within the
pi ston.

(3) The rack piston.

(a) The rack piston is grooved (threaded) on the
inside to acconmodate the worm shaft. It has interior channels
t hrough which the ball bearings circulate, acting as a rolling
t hread between the worm shaft and pi ston.

(b) The rack piston has a gear or teeth on the
outside to mesh with the gear on the pitman shaft or sector
shaft.

(c) The rack piston converts the hydraulic pressure
into mechanical force. The hydraulic force applied to either
end of the rack piston forces the piston to nove within the
housi ng.

(4) Pitman or output shaft.

(a) The pitman shaft is the nmechanical |ink between
t he power steering gear and the steering |inkage.

(b) At one end, the pitman shaft is connected to the
rack piston by neans of a gear (or sector) which nmeshes with the
gear on the piston. The other end is connected to the pitnman
arm This ties the steering gear to the |inkage.

(5) Steering gear housing.

(a) The steering gear housing contains all of the
gear conponents.

(b) The housing also acts as the power cylinder for
t he rack piston.

(c) There are drilled passages in the housing which
all ow the control valve to direct the fluid to the proper
| ocati on.
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(6) Steering gear operation.

(a) When the driver exerts a force on the steering
wheel to initiate a turn, the force is transmtted to the
steering gear input shaft. The input shaft is connected to the
worm shaft by a torsion bar and applies a rotational force to
the worm shaft. |In response to this force, the wormshaft tries
to nove the rack piston inside the housing. The piston resists
movenent due to its engagenent with the sector shaft so the
torsion bar deflects or tw sts.

(b) As the torsion bar deflects, it allows the input
shaft and spool to rotate slightly within the valve body. This
relative rotation actuates the control valve.

(c) As the valve is actuated, the val ve passages
begin to direct fluid through the valve. This directs a portion
of the fluid fromthe punp to one or the other of the cylinder
cavities.

(d) The amount of flow which is directed to the
cylinder cavity is proportional to the speed at which the
steering wheel is being turned. The pressure required to
conplete the steering maneuver i s dependent on the amount of
resi stance presented by the steered wheels. The control valve
senses these requirenents and supplies fluid to the cylinder at
the proper flow rate and pressure.

(e) As fluid is supplied to the cylinder, the rack
pi ston noves, rotating the sector or pitman shaft and steering
the vehicle. The worm shaft is now able to rotate in response
to the force being applied by the torsion bar. Steering action
will continue in this manner so long as the driver continues to
turn the steering wheel. When the steering maneuver is
conpleted and effort on the steering wheel is relaxed, the
torsion bar brings the control valve back to its neutral
position.

(f) If the steered wheels are subjected to shock
| oads, forces are transmtted through the sector or pitman shaft
to the rack piston and on to the worm shaft. This actuates the
control valve, which directs high pressure fluid to the proper
side of the piston to resist the shock |Ioad. By absorbing the
shock | oads hydraulically, kickback at the steering wheel is
prevent ed.
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(g) Sone steering gears are equi pped with unl oadi ng
val ves or poppets in the piston, which trip as the steered
wheel s reach a full turn and the piston approaches the end of
its stroke.

(h) Tripping these unloadi ng val ves reduces the
pressure in the power cylinder by allowing a portion of the flow
fromthe punmp to circulate through the gear and back to the
reservoir. Reducing the cylinder pressure decreases the anmount
of | oad being carried by the |inkage conponents and the punp
drive conponents. Since fluid is allowed to circulate through
the gear, the pressure relief in the punp is not required to
activate when the wheels reach a full turn and the anount of
heat generated by the punp is greatly reduced.

c. Power Steering Assist Cylinder

(1) The purpose of the power assist cylinder is to
receive fluid under pressure fromthe steering gear and convert
it into mechanical force to aid the operator in turning the
front wheels.

(2) The power assist cylinder is nounted on the right
side of the vehicle. One end is attached to the vehicle
suspension and the other end is attached to the ball stud of the
steering knuckle arm Dependi ng on which way the operator turns
the steering wheel, fluid is directed to the cylinder and acts
agai nst the piston. This force on the piston is transmtted to
the steering knuckle armto aid in steering the wheels. The
fluid that is displaced on the other side of the piston is sent
back to the steering gear then to the reservoir of the punp.

d. Manual operation of the steering system
(1) When power fails, the control is bypassed.
(2) The steering wheel will turn the input shaft.

(3) The input shaft will turn the worm shaft after the
torsion bar reaches its limt of rotation.

(4) The worm shaft will push or pull the piston in the
cyl i nder.
(5) The rack piston will turn the pitmn or sector shaft

the same as it did during power operation.
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2.  CONSTRUCTI ON, NOVENCLATURE AND PRI NCI PLES OF OPERATI ON OF
THE MK48 STEERI NG SYSTEM

a. Steering System Operation. Steering of the MK48 is
acconpl i shed by both mechani cal and hydraulic neans. Steering
starts at the steering wheel and is transmtted through a series
of steering shafts and two, ninety degree gear boxes which | ead
to the steering gear. The steering gear is a conventional,
power - assi st type. It is connected to a bellcrank by a pitnman
armand a drag link. The bellcrank coordi nates the steering
action of the front axle with two, double-acting yaw cylinders,
using a yaw control valve and a nmechani cal feedback |inkage.
Hydraulic pressure for the steering systemis provided by an
engi ne driven tandem punp, through flow control val ves.

b. Hydraulic System Conponents and Operation

(1) Hydraulic punp.

(a) The punp is a tandem or doubl e gear type punp
consi sting of two single punps, each having its own outlet port
and sharing a common inlet port and drive shaft. The punp
consists of a port section, front and rear covers, an adapter
section, two center sections, two drive gears, two driven gears,
four wear plates, four seal packs, two shaft seals, and a shaft
coupl i ng.

(b) The tandem punp is essentially two single gear
pumps united with a port section and shaft coupling. The inlet
port is located in the port section and is conmon to both punps.

Rotati on of the drive and driven gears causes the inlet
pressure to decrease. Fluid, pushed into the inlet by
at nospheric pressure, is carried to the outlet in chanbers
fornmed between the gear teeth and the center section. As the
gear teeth mesh, the fluid is forced out through the outlet.
The interaction of these two gears, which are the only noving
parts within the punp, provides a continuous transfer of fluid
frominlet to outlet. Changes in punp volune are acconpli shed
by increasing or decreasing center section w dth, or by
i ncreasi ng or decreasing punp speed. The outlet port of each
punp is |located opposite of the inlet port.

(c) This punp is made up of two separate sections.

One section provides | ow output and one section provides high
out put .

V-8



1 Hydraulic oil fromthe | ow output side of the
punp is sent to the priority flow valve. The priority flow
val ve divides oil between the steering gear and the demand

val ve. The steering gear has priority and will receive
hydraulic oil first. Any hydraulic oil not needed by the
steering gear will be sent to the demand val ve.

2 Hydraulic oil fromthe high output side of
the punp is sent directly to the demand val ve.

(2) Demand valve. The demand valve is a variable flow
control valve that divides oil flowto the fan notor and
sel ector valve. The demand valve will increase the amunt of
oil to the fan notor as engi ne speed increases.

(3) Selector valve. The selector valve is a push/pul
spool valve. An adjustable pressure relief is built into the
sel ector valve to regul ate system pressure. \Wen manual ly
operated, the selector valve directs hydraulic pressure to
either the hydraulic steering systemor the auxiliary hydraulic
connectors on the back of the MK48. Hydraulic pressure is
avai l abl e at the back of the MK48 to power the crane, w nch, or
hydraulic tools.

c. Hydraulic Steering Operation

(1) Wien the selector valve is in the steering position,
hydraulic oil flows through the yaw control valve to the notion
control valve. The yaw feedback |inkage signals the yaw contro
valve to direct oil flow either to or away fromthe yaw
cylinders as required.

(2) Operation of the yaw cylinders is also aided by the
noti on control valve. Since the notion control valve is
operator controlled, it prevents notion of the yaw cylinders
when the yaw control valve is in the neutral position. This
prevents road wander. |If hydraulic pressure is |lost due to
hydraulic systemfailure or when towi ng the vehicle, the |lack of
operator pressure permts the cylinders to nove. This lets the
rear nodule trail freely behind the MKA48.

(3) Al return oil flows back to the reservoir through
the hydraulic oil cooler nmounted on the radiator. The oil also
flows through a six mcron screen filter before entering the
reservoir. O can then be drawn fromthe reservoir into the
hydraulic punp to begin the cycle again.
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d. Hydraulic Steering Conponents

(1) This systemincorporates two ninety degree gear
boxes. They use bevel gears to change direction of the rotating
steering shafts. Like the nane inplies, they change the power
flow direction ninety degrees.

(2) Another feature is the two yaw cylinders. These are
doubl e-acting, hydraulic cylinders. Each cylinder pushes or
pull s as needed to steer the vehicle.

(3) Steering gear. The steering gear is a built-in
steering unit that incorporates an actuating shaft, actuating
val ve, piston, pinion, and output shaft. The actuating valve is
centered within the piston by reversing springs. As the
actuating shaft rotates, the actuating valve noves within the
pi ston. High pressure hydraulic oil is then directed to one
side of the piston, causing it to nove within the bore of the
steering gear housing. The output shaft and the pinion gear are
engaged to a rack gear machined into one side of the piston. As
the piston noves, the output shaft and pitman armare rotated by
the piston. This controls the steering operation.

(4) Yaw control valve.

(a) The yaw control valve is a spool type hydraulic
valve. The valve is connected to the bellcrank and the yaw
f eedback |inkage. As the bellcrank noves, the spool shifts.
This directs high pressure hydraulic oil to the yaw cylinders.
As the trailer becones centered behind the power unit, the yaw
f eedback |inkage shifts the spool to the center position. In
the center position, the yaw cylinders receive no pressure.

(b) Neutral position is obtained when hydraulic oi
flows fromthe valve inlet to the outlet, by the position of the
control spool in relation to internal passages. A |oad
centering spring is used to obtain the desired anmount of road
feel.

(c) Extend or retract. Myvenent of the steering
wheel in either direction is transmtted through nechani cal
| inkage to the control valve ball stud. Mvenent of the bal
stud causes nmovenent of the control spool. Punmp oil flowis
directed by spool position to either the head end or rod end of
the cylinder, causing the cylinder to extend or retract.
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Movenment of the cylinder will continue as |ong as the control
spool is offset by continued turning of the steering wheel.
When the steering wheel stops turning, the control spool stops
and the cylinder and val ve body nove to the center, neutral
position, and stop.

3. | NTERMEDI ATE MAI NTENANCE RESPONSI Bl LI TI ES RELATI VE TO THE
POVER STEERI NG SYSTEMS

a. The internedi ate mai ntenance nmechanic is responsible for
repairing or replacing the foll owi ng conponents:

(1) hydraulic power cylinders,
(2) steering gears,
(3) power steering punps,
(4) ninety degree gear boxes,
(5) yaw control valves,
(6) yaw cylinders,
(7) tandem punps, and
(8) other steering related conponents.
b. The intermedi ate mai ntenance nechanic is also required to

make the necessary adjustnments to the steering system
conponents.

4. PROCEDURES REQUI RED TO REPAI R THE POANER STEERI NG SYSTEM
COVPONENT S

a. Repair MK48 Steering Gear Assenbly

(1) Detailed instructions for repairing the MK48
steering system conponents are contained in the manual s that
were issued to you at the beginning of this block of
instruction. Follow those instructions carefully to effect
t hose repair procedures on the training aid steering system
conponents to which you have been assigned.

(2) Have the instructor assigned to your station check
your work at each point designated in this student handout.
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(3) Refer to TM 9-2320-297-34 (TM 2320-34/13) for the

procedures used to performthe repair steps listed. Use the
index to locate the instructions in the manual and read the
instructions carefully before perform ng each task.

STOP!

STOP!

STOP!

STOP!

STOP!

(4) Renove relief valve plunger.
(5) Renove pinion gear cover.

(6) Renobve output shaft.

(7) Renove cylinder head.

(8) Renove bearing cap.

Notify the instructor.

(9) Renove actuating piston.

(10) Disassenbl e actuating piston.
(11) Inspect steering gear components.
Notify the instructor.

(12) Assenble actuating piston.
Notify the instructor.

(13) Install cylinder head.

(14) Install actuating piston.
Notify the instructor.

(15) Install output shaft.

(16) Install relief valve plunger.
(17) Install bearing cap.

(18) Install pinion gear housing.
(19) Install relief valve plunger.

Notify the instructor.
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(20) Store the MK48 steering gear and obtain a 90 degree
steering box.

d. Repair MK48 Yaw Control Valve

(1) Renobve dust cover.
(2) Renove val ve body and ball stud housing.
(3) Renove ball stud.
(4) Disassenble spool valve.
(5) Renove check val ve.
STOP! Notify the instructor.
(6) Inspect yaw control valve conponents.
(7) Install check val ve.
(8) Assenble spool valve.
STOP!  Notify the instructor.
(9) Install valve body and ball stud housing together.
(10) Install ball stud.
STOP! Notify the instructor.
(11) Install dust cover.
STOP! Notify the instructor.

(12) Store the yaw control valve and obtain a yaw
cyl i nder.

e. Repair MK48 Yaw Cyl i nder

(1) Renopve retainer.
(2) Renove rod.

(3) Renove piston and head.
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STOP! Notify the instructor.
(4) Inspect yaw cylinder conponents.
(5) Install piston and head.
(6) Install rod.
(7) Install retainer.
STOP! Notify the instructor
(8) Store the yaw cylinder and obtain a hydraulic punp.

f. Repair MK48 Tandem Hydraulic Punp

(1) Renove rear cover

(2) Renobve gears.

(3) Renobve center section.

(4) Renove adapter section.

(5) Renove gear coupling.

(6) Renopve shaft end cover.

(7) Renobve gears.

(8) Renopve center section.

(9) Renove seals.

(10) Inspect hydraulic punmp conponents
STOP! Notify the instructor

(11) Install seals.

(12) Install center section.

(13) Install gears.

STOP! Notify the instructor.
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(14) Install shaft end cover.
(15) Install adapter section.
(16) Install center section.
(17) Install gears.
STOP!  Notify the instructor.
(18) Install rear cover.
STOP!' Notify the instructor.

g. Repair the HFB-64 Power Steering CGear

(1) The instructions for the disassenbly of the power
steering gear are in TM 9-2320-272-34-2. Take sone tinme to read
t hrough those procedures to becone famliar with the total task.

Then, if you have any questions, ask them
(2) Disassenble the power steering gear
(a) Position the sector shaft in center of travel.
(b) Renobve the trunnion cover
(c) Renobve the side cover and sector shaft.
(d) Renove the side cover fromthe sector shaft.
(e) Renove the end cover
(f) Renove the val ve housi ng.
(g) Disassenble the val ve housi ng.
(h) Renobve the rack piston.
(1) Disassenble the rack piston.

STOP! Have the instructor check your work.

(3) Inspect the steering gear conponents as follows:
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(a) It is always easier to inspect and repair clean
conponents, so the first thing is to clean all the steering gear
conmponents with solvent and then dry themw th | ow pressure
conpressed air.

(b) If, during the inspection, you see |ight
pol i shed areas on the steering gear conponents, this indicates
normal wear. We will start our inspection with the sector
shaft.

1 |Inspect the bearing areas and tooth surfaces
for wear marks and pitting. |If these areas are worn or pitted,
t he sector shaft will have to be replaced.

2 Inspect the bearing rollers for pitting,
scratches, and wear marks. |If the bearing rollers are danaged,
replace the bearing rollers and the side cover.

3 Inspect the val ve housing thrust bearing and
the two thrust washers for wear marks and pitting. |If these
conditions are found, the damaged conponents nust be repl aced.

4 |Inspect the rack piston teeth and internal
grooves for excessive wear. The rack piston nust be replaced if
excessive wear is found.

5 Inspect the worm shaft for pitting, galling

and scuffing. |If any of these conditions exist, the worm shaft
must be replaced. Also inspect the worm groove for excessive
wear. If it is worn, the worm shaft and rack piston nmust be
repl aced.

6 Inspect the bores of the gear housing for
scoring or danmage. If a bore is scored or damaged, replace the
gear housi ng.

STOP! Have the instructor check your work.
(4) Assenble the steering gear.
(a) Assenble the rack piston.

(b) Install the rack piston.

(c) Install the end cover.

V-16



(d) Assenble the val ve housi ng.
STOP! Have the instructor check your work.

(e) Install the valve housing. |INSTRUCTOR MJUST BE

PRESENT.

(f) Install the side cover onto the sector shaft.

(g) Center the rack piston into the housing.
STOP! Have the instructor check your work.

(h) Install the sector shaft and side cover.

(i) Install the trunnion cover.
STOP!' Have the instructor check your work.

(5) Adjust the steering gear.

(a) Performthe worm shaft travel adjustnent.

STOP! Have the instructor check your work.

(b) Performthe sector shaft adjustnent. Record
measur enent for further reference.

STOP! Have the instructor check your work.

(c) Performthe worm shaft prel oad adjustnment.
STOP! Have the instructor check your worKk.

(d) Secure the steering gear, and obtain a hydraulic
cylinder assenbly.

h. Repair the Hydraulic Power Cylinder

(1) The instructions for the disassenbly of the
hydraulic power cylinder are in TM 9-2320-272-34-2. Take sone
time to read through those procedures to beconme famliar with
the total task. Then, if you have any questions, ask them

(2) Disassenble the hydraulic power cylinder.

(a) Renove the end pl ate.
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(b) Renove the piston rod assenbly.
(c) Disassenble the piston rod assenbly.
STOP! Have the instructor check your work.

(3) Inspect the hydraulic cylinder assenbly conponents
for serviceability.

(a) Clean all parts with solvent and dry with
conpressed air.

(b) Inspect to make sure that the cylinder, piston
rod, piston assenbly, and gland are not scored, bent or broken.

(c) Inspect to nake sure that the retaining rings
and backup rings are not danaged.

(d) No repairs are to be made on these parts. |If
the parts are damaged, replace with new ones.

STOP! Have the instructor check your work.
(4) Assenble the power cylinder.
(a) Assenble the piston rod assenbly.
(b) Install the piston rod assenbly.
(c) Install the end plate.
STOP!' Have the instructor check your work.

(d) Secure the hydraulic cylinder, tools, and
equi pmrent and return to the classroom

REFERENCES:

TM 9-2320-272-34-2
TM 9- 2320- 297- 34
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